Field trials of the dilution technique for measuring snow liquid water content show that the refined procedure is rapid and simple. Measurements of the liquid water mass fraction with an absolute error of --• 1.5% can be obtained by one operator at a rate of 10-15 samples per hour, but if the water content is low (0-2%), the relative error can be high. Electrolytic conductivity is the preferred method for measuring concentrations, using a stock solution of 0.01 N HC1. The recommended amount of stock solution to add is 0.5-0.8 times the mass of the snow sample. Extraction of the resulting mixture of stock solution and snow liquid water is best done with a screened pipette, instead of by decanting.
INTRODUCTION
Snow liquid water content is a critical parameter for calculations of meltwater transmission in snow, for evaluation of wet snow avalanche hazard, and for inferring physical snow properties from microwave emission or reflection data. Liquid water content varies both horizontally and vertically in the snow pack, and it also changes rapidly throughout the day.
Dielectric methods JAmbach and Denoth, 1975 Denoth, , 1980 ; Bergman, 1984; •Denoth et al., 1984] offer the possibility of rapid, nondestructive sampling, but these currently require an independent measurement of density. Moreover, field dielectric methods often require independent calibration, so a nondielectric measurement of snow liquid water content is still needed.
From our experience, dilution techniques measure liquid water content far more rapidly and just as reliably as with calorimetric or freezing-point depression methods [Bader, 1948 [Bader, , 1950 Colbeck, 1978; Morris, 1981; Fisk, 1983; Jones et al., 1983] . We use 0.01 N hydrochloric acid as a stock solution, measuring concentration by electrolytic conductivity. We give recommendations for field procedures, methods for measuring concentrations, and quantities of stock solutions and samples, and we evaluate the effects of possible errors. DILUTION 
METHOD
In the dilution method an aqueous solution is diluted when mixed with wet snow and the concentration change forms the basis for measurement. A stock solution of mass S and impurity concentration C• is mixed thoroughly into a wet snow sample of mass M, with unknown water mass W. The solution is at 0øC and mixing is in an insulated container, so that melt or refreezing is avoided. The impurity concentration in the stock solution is small enough so that freezing point depression is negligible, but large enough to be well above the impurity concentration Cw in the liquid water in the snow sample. The mixture of stock solution and snow liquid water If the accuracy requirement is relaxed to 1.5%, S/M can be increased as high as 1.25, thereby increasing the probability that mixing will be complete.
Because the absolute error depends on variables other than the liquid water fraction, large relative errors are likely for small xw (in the range 0-2%).
Laboratory Testing
To estimate the accuracy for the dilution technique we tried in-laboratory tests to reclaim water added to prepared snow samples. Snow was obtained from a late spring snowpack and transported to a subfreezing cold room. Once frozen, the snow was sieved through a 2-mm screen, weighed into samples (250 g), and compacted to a density of about 500 kg m-3. Preweighed bottles of stock solution and water to be added to the samples were placed in an ice bath. The cold room and snow samples were then warmed to about 0øC. Each sample was stirred with a temperature probe in a stainless steel beaker surrounded by an ice bath until 0øC. Water was added and mixed, followed by the stock solution. Mixing lasted for 30, 60, or 120 s, and four $/M ratios were tested (0.4, 0.6, 0.8, 1.0). A pipette fitted with a 40-#m screen on one end and a squeeze bulb or syringe on the other was used to extract sample solution.
Experiments to reclaim water added to snow have the following conceptual problem when trying to determine the optimum mixing duration and $/M ratio. In naturally melted wet snow, the liquid would probably be more evenly distributed in the sample volume and among the various interstices. The more uniform distribution of liquid water in a small sample of natural snow suggests less mixing effort to obtain homogeneity, but the liquid may be more elusive, residing in micropores. Therefore water was added as a thin stream from a pipette to attempt to distribute the liquid through the snow sample, and low water contents were tested. The results of the laboratory experiments using a fluorescing dye are presented in Figure with a suction pipette, or most of the diluted solution can be withdrawn by decanting. The solution, the mixing container inside wall, the snow coring tools, the stirring spatula, and the solution extraction tools must be at 0øC to preserve the phase composition of the snow sample.
Method for Measuring Concentration
The first tests were designed to evaluate ease of measuring x w x 100 Table 2 is obtained.
RESULTS FROM FIELD EXPERIMENTS
One-factor tests of analysis of variance hypotheses were performed for the morning and afternoon data. The F ratio for the morning and afternoon data sets are Fmo,,i,g = 4.4493 and Falter .... = 5.1234. Since F0.0x(2,x2)= 6.93, the null hypothesis of means from the same population is accepted. In addition, a nonparametric, "distribution-free" analysis of variance [Wilson, 1956] was performed on the morning and afternoon data sets to test the statistical significance of differences in treatment compared to the differences because of depth. The computations were run as a two-way design with one observation per cell, returning the Z 2 statistic and the associated probabilities. The results of the computations including the appropriate degrees of freedom are shown in Table 3 .
From Table 2 it would appear that treatment 1 produces higher xw values, consistent with observations that it was difficult to completely filter out ice particles from the decant. However, Table 3 shows that there is no significant difference between the treatments for the number of sample data obtained because the effect of the depth factor is large. In both cases the probabilities associated with the treatment effects exceed the chosen significance level, so again the null hypothesis of no main effect of treatment must be accepted. Interaction efli•cts between these two factors were not tested because the assumption that the liquid water content values are horizontally conserved is invalid. 
Mixing
Incomplete mixing is the most likely source of error. Our laboratory experiments, where the measurements are compared to a known amount of water added to the samples, show that adequate mixing can be achieved with S/M ratios as low as 0.5. In field investigations we suggest that stirring and mixing should last at least 30 s.
Temperature of the Stock Solution
Cooling the stock solution to 0øC is time consuming. In an ice bath the warm stock solution cools rapidly until within a few degrees of the melt temperature, but the cooling rate slows as the melt temperature is approached. One can make an ice bath with salt water to increase the cooling rate, but then there is a risk of forming ice in the stock solution and of contamination by the highly conductive salt water. If the stock solution temperature Ts is above 0øC, the resulting error is Another alternative, if speed is essential, is to cool the stock by mixing it with some snow until 0øC. Enough of the snowcooled stock is decanted for a standard conductivity reading and for adding to a snow sample. When mixing is completed and the conductivity sample extracted, decant the remaining solution back into the stock solution and start again. Subsequent amounts of the stock solution will be slightly more dilute, but reference samples can be reserved for each case. We have not tested the accuracy of these alternatives.
Formation of Ice in the Stock Solution
The stock solution will cool more rapidly in a salt-water ice bath, but then one risks formation of ice crystals in the stock. •b porosity.
